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A B S T R A C T  
S t a t i s t i c a l  C o rre la tio n  o f  Liquid D if fu s io n  C o e f f ic ie n t s  
fo r  D ilu te  Binary S o lu t io n s
An im portant problem encountered in  m a ss-tra n sfer  work i s  
th e  e v a lu a tio n  o f  the l iq u id  d if f u s io n  c o e f f i c i e n t .  The p resen t work 
i s  concerned w ith  an answer to  t h i s  problem fo r  d i lu t e  b inary  s o lu t io n s .  
The p resen t c o r r e la t io n , developed through the use o f  m u lt ip le -c o r r e -  
l a t io n  s t a t i s t i c s ,  proved to  be sup erior  to  the method o f  d im ensional 
a n a ly s is .
the l iq u id - d i f f u s io n  p r o c e ss . The p resen t eq u a tio n , based on so lv en t  
v i s c o s i t i e s  in  the range o f  0 o25 to  2 .5  cp , i s  a s  fo llo w s;
S o lven t v i s c o s i t y  i s  shown to  be th e  c o n tr o ll in g  v a r ia b le  in
2 /3 i / 3 , vl /6 '
ic £ d l  « ♦0.167 XM2Vi -  0.20
where,
D  ̂ «* d i f f u s io n  c o e f f i c i e n t ,  cra^/sec
T » tem perature, K
P-2 * v i s c o s i t y  o f  s o lv e n t , cp
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■ v is c o s i ty  o f  s o lu te , cp
Vg * m olar volume o f so lv en t a t  normal b o ilin g  p o in t ,  
c c /g  mole
» m olar volume o f  so lu te  a t  normal b o ilin g  p o in t ,  c c /g  mole
X * e m p iric a l a s s o c ia t io n  param eter fo r  h ig h ly  a sso c ia te d  
so lv e n ts
The c o r re la t io n  c o e f f ic ie n t  fo r  t h i s  eq u a tio n  i s  +0.98 w ith  the 
s tandard  e r ro r  o f e s tim a te  a t  +0 .16 .
P a rt o f  the  p re se n t work involved the  experim ental determ ina­
t io n  o f Dl v a lu es  fo r  l iq u id  systems in  which so lv en t v i s c o s i t i e s  were 
in  th e  range o f 3°20 to  1|.87 c e n tip o is e s . The r e s u l t in g  em p irica l 
eq u a tio n  i s  subsequently  shown to  give good r e s u l t s  fo r  t h i s  l im ite d  
e x tr a p o la t io n .
I t  i s  b e liev ed  th a t  the eq u a tio n  developed in  t h i s  study w i l l
p r e d ic t  Dj, v a lu e s  more a c c u ra te ly  than  any o th e r  e x is t in g  c o r re la t io n  
fo r  l iq u id  systems in  which so lven t v i s c o s i t i e s  a re  in  the  range of
0.25  to  2.5 c e n tip o is e s ;  i t  w i l l  p r e d ic t  v a lu es  a s  a c c u ra te ly  a s  
o th e r  methods fo r  so lven t v i s c o s i t i e s  between 3 .2 0  and U.87 c e n tip o is e s .
The fo llow ing  v a lu es  o f  s tandard  p e rc e n t e r ro r ,  fo r  the 
p re se n t eq u a tio n , a re  to  be exp ec ted %











Though t h i s  study makes a p a r t ic u la r  a p p lic a t io n  o f  s t a t i s ­
t i c a l  a n a ly s is ,  i t  in  no way e x p lo re s  the f u l l  p o s s i b i l i t i e s  th e  methoc 
h as in  o th er  te c h n ic a l u se s .
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• I N T R O D U C T I O N
The process o f  liq u id  d iffu s io n  in v o lv es  the spontaneous 
interm ingling o f  m iscib le  l iq u id s  without mechanical mixing* At 
the present tim e, t h is  d iffu s io n  process i *  not com pletely under­
stood, However, most l iq u id s  behave in  accordance w ith  the fo llo w ­
ing equation:
* i  -  ®l a f  ( i )
where,
Ni ■ rate o f d iffu s io n  o f so lu te expressed as moles per 
u n it time per u n it area
Dl * d iffu s io n  c o e f f ic ie n t  o f so lu te expressed as length  
squared per u n it time
c « concentration  o f solute expressed as moles per u n it  
volume
z * d istance in  the d ire c tio n  o f  d iffu s io n
An important problem encountered in  m ass-transfer work i s  
the evaluation  o f the liq u id  d iffu s io n  c o e f f ic ie n t .  The present 
work i s  concerned w ith an answer to t h is  problem fo r  d ilu te  binary
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s o lu tio n s .
Several d iffe r e n t  methods have been proposed fo r  ca lcu la ­
t in g  D̂ c H is to r ic a lly , these methods have used hydrodynamics, 
thermodynamics, and k in etic  theory. More recent work includes l iq u id -  
sta te  th eo r ies  and the use o f  em pirical methods.
The c la s s i c a l  hydrodynamic development fo r  the  d if fu s io n  
c o e f f ic ie n t  was proposed independen tly  by E in s te in  (1905* p* 5ii9-560) 
and S utherland  (190^, p . 781-785)• A more re c e n t development has 
combined thermodynamic and hydrodynamic p r in c ip le s ,  shown by th e  work 
o f  H artley  and Crank (19U9, p . 801-818). This method in v o lv es  th e  use 
o f  r e s is ta n c e  f a c to r s  which a re  fu n c tio n s  o f  com position . These 
r e s is ta n c e  f a c to r s  must be e s ta b lis h e d  fo r  each s o lu te -so lv e n t system. 
In  g en e ra l, methods such a s  th ese  a re  e i th e r  in co n v en ien t, in a c c u ra te , 
o r  b o th .
A d i f f e r e n t  hydrodynamic approach fo r  e s tim a tin g  Dl was 
proposed by Jacobson and Laurent (1953* p» 58-61*). These w orkers have 
r e la te d  v a rio u s  p h y s ic a l p ro p e r t ie s  o f  l iq u id s ,  such as  v is c o s i ty  and 
d i f f u s iv i ty ,  to  the m olecular p ro p e rty  o f f re e  le n g th . T his method 
a lso  in c lu d e s  an e m p iric a l eq u a tio n  r e la t in g  f l u i d i t y  and f re e  le n g th . 
The method i s  l im ite d  to  n o n -asso c ia ted  l iq u id s ,  i s  o f  low accuracy , 
and adds l i t t l e  to  our p re se n t understand ing  o f  l iq u id  d if fu s io n .
The thermodynamics o f ir r e v e rs ib le  p rocesses, applied by 
Denbigh (1951* p* 78-86) and o th ers , in v o lv es  the use o f  so -ca lled  
phenomenological c o e f f ic ie n t s .  This theory, u n sa tisfa cto ry  in  i t s
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p re se n t s ta te  o f developm ent, g iv es  no in d ic a t io n  o f the  form o f th e  
phenom enological c o e f f ic ie n ts .
The f i r s t  su ccessfu l approach based on k in e t ic  th eo ry  was 
th a t  o f  Arnold (1930, p . 3937-3955)<> Arnold ap p lied  c l a s s i c a l  gaseous 
k in e t ic  theo ry  to  d if fu s io n  in  l iq u id s .  The assum ptions a p p lic a b le  to  
gaseous d if fu s io n  are  in v a lid  fo r  l iq u id  system s. Arnold employed an 
e m p iric a l c o r re c tio n  term  in  o rd e r  to  give a b e t te r  c o r r e la t io n .  The 
p r in c ip a l  d isadvantage o f the  method i s  i t s  i n a b i l i t y  to  inc lude  th e  
e f f e c t  o f tem perature on
A re c e n t k in e t ic  approach i s  based on r e a c t io n - r a te  th e o ry , 
summarized by G lasstone , L a id le r ,  and Eyring (19k l, p . 516-530). This 
method i s  based on the  h o le -th e o ry  concept o f the  l iq u id  s ta te ,  which 
c o n s id e rs  d if fu s io n  a s  in v o lv in g  m olecular movements from a given  
p o s i t io n  in to  an ad jacen t ho le  in  the  l iq u id  s tru c tu r e .  This method 
i s  one o f  the  b e s t  concep tual developm ents proposed to  d a te ; how­
e v e r , c a lc u la te d  v a lu es  o f  Dl are no t s u f f ic ie n t ly  accu ra te  a t  the  
p re se n t tim e.
A number o f l i q u id - s t a t e  th e o r ie s  have been p re sen ted  which 
a ttem p t to  e x p la in  the d if fu s io n  phenomenon. U su a lly , th ese  th e o r ie s  
e i th e r  la c k  accuracy  in  t h e i r  b as ic  assum ptions o r  a re  ex trem ely  
complex. Two o f the more im portan t c o n tr ib u to rs  a re  Born (19U7, 
p . 251-25U) and Frenkel (1955> p° 188-2U7). None o f th ese  th e o r ie s  
i s  su ccess fu l from a p r a c t i c a l  s tan d p o in t.
The b e s t  c o r r e la t io n s  f o r  Dl from an en g in eerin g  s tan d p o in t
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a re  la r g e ly  e m p iric a l ones. The b e s t  method o f t h i s  type proposed to  
d a te  i s  th a t  o f  Wilke and Chang (1955, p» 26!i-270)s
l / 2
dl  « (7 .h  X 10- 6 ) T(.3C (2 )
w here,
Dl * d if fu s io n  c o e f f ic ie n t ,  cm?/sec
T = ab so lu te  tem p era tu re , K
p.s * v is c o s i ty  o f the so lu tio n , c e n tip o is e s
M2 = m olecular w eight o f the  so lven t
V-j_ « molar volume of the so lu te  a t  the normal b o il in g  p o in t ,
c c /g  mole
X * em p irica l a s s o c ia t io n  param eter fo r  h igh ly  a s so c ia te d  
so lv en ts
The p re se n t work, l im ite d  to  an em p irica l developm ent, i s  
su p erio r to  the method o f Wilke and Chang® An accu ra te  th e o r e t ic a l  
development w i l l  re q u ire  ex ten s iv e  in v e s t ig a t io n ;  th e re fo re ,  the  
development o f a su p e rio r em p irica l equation  seems j u s t i f i a b l e .  An 
em p irica l equation  may not be a p p lic a b le  o u ts id e  o f  the  range o f the
d a ta  upon which i t  i s  based® However, the p re se n t work in c lu d e s  an
in v e s t ig a t io n  concerning the range o f  v a l id i ty  o f  th e  em p iric a l 
equation  developed in  t h i s  report®
Solvent v is c o s i ty  i s  shown to  be the  c o n tro ll in g  v a r ia b le  in  
the l iq u id  d if fu s io n  p ro c e ss . (The p re se n t eq u a tio n  i s  based on so l­
ven t v i s c o s i t i e s  in  the  range o f 0.25 to  2 .5  c p ) . The n ecessary  Dl
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v a lu e s , fo r  which so lv en t v i s c o s i t i e s  a re  above 2o$ c e n tip o is e s ,  a re  
no t a v a ila b le  in  th e  l i t e r a tu r e #  P a r t  o f the  p re se n t work involved 
th e  experim ental d e te rm in a tio n  of v a lu es  fo r  l iq u id  systems in  
which so lv en t v i s c o s i t i e s  were in  the  range o f 3 .20  to  U.87 c e n tip o is e s .  
The p re se n t em p irica l eq u a tio n  i s  subsequently  shown to  give good r e ­
s u l t s  fo r  t h i s  l im ite d  ex trapo lation ,*  the eq u a tio n  i s  s u f f ic ie n t ly  
v e r s a t i l e  fo r  en g ineering  purposes«
The p re sen t c o r re la t io n  was developed through th e  use o f 
m u lt ip le -c o r re la tio n  s t a t i s t i c s  a s  given by P e te r s  and Van Voorhis 
(19U0, p . 222-223)* The b a s is  fo r  s t a t i s t i c a l  a n a ly s is  i s  d iscu ssed  
b r ie f ly  in  S t a t i s t i c a l  Method, p» 7° Q u a li ta t iv e  id eas  concerning 
th e  d if fu s io n a l  p ro cess  and g en era l id eas  gained from numerous 
d if fu s io n  th e o r ie s  were a lso  h e lp fu l in  developing the f in a l  
eq u a tio n .
The s t a t i s t i c a l  method proved to  be su p e rio r  to  the method 
o f dim ensional a n a ly s is .  Dimensional a n a ly s is  f a i l s  to  give a 
so lu tio n  u n le ss  a l l  v a r ia b le s  a re  known; on ly  the  most im portan t 
v a r ia b le s  a re  needed fo r  a s t a t i s t i c a l  a n a ly s is .
In  t h i s  r e p o r t  th e  d iscu ss io n  i s  pursued in  term s o f th e
fo llo w in g :
S t a t i s t i c a l  method 
Development o f equation  
E v a lu a tio n  o f  equation  
In te rp r e ta t io n  o f equ a tio n
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S t a t is t ic a l  evaluation and lim ita tio n s  o f  equation
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S T A T I S T I C A L  M E T H O D
The method o f  m u ltip le -corre la tion  s t a t i s t i c s  i s  an extension  
o f the lin e a r -co r r e la tio n  method and g ives an equation of the types
where,
X0 » dependent variable
Xi to » independent variab les
A, Bq to Bk * constants
The equation may be o f  the non-linear type such ass
In such equations as (3) and (U), the constants are so found
that the sums o f the squares o f  the errors o f estim ation are at a 
minimum* A p articu lar  equation (based upon known or assumed indepen­
dent variab les) w i l l  then estim ate Xq a s accurately as possible*
The procedure for determining the equation constants i s  as
follow s*




(1) make assumptions as to the independent variab les
(2) ca lcu la te  mean values and standard deviations for  the 
dependent variab le and each independent variab le
(3 ) ca lcu la te  the individual corre la tion  c o e f f ic ie n ts  for  
a l l  o f the binary combinations o f variab les
(U) ca lcu la te  the beta c o e f f ic ie n ts ,  equation constants,
the m ultip le-correla tion  c o e f f ic ie n t , and the standard 
error of estim ate
The equation w i l l  be estab lish ed  and the accuracy o f i t s  pred iction
o f  Xo determined as based upon the assumed independent variable So
The mathematical re la tio n sh ip s  are as follow ss
^o to k
^ Xo to  k 
N (5)
—  5  x2„2 ,  ^  o to k
o to k »j ( 6)
(7)XiX2,etc . * . N
0  o to k" (8 )
r 01, e t c o (9)
( the other r values are ca lcu lated  s im ilar ly )
rn A + *12 ft 2 * - - - * i k f i k  - roi 
* 2 l f t l +  *22/32 *  *2kfik  m *02
(10)
rkl rk2@2 *  " “ “ *kkfik  " r 0k
T 872 9
h .  to k “ @ 1  to k ( ( T i  to  k ) t o )
A -  Xo -  BlXi -  B2X2 -  -  -  BkXk (12)
ro » (r 0 l /3 l  ♦ r 02 @2 * " “ -  r 0k/^k)1//2 t o )
Sesto * <T0(1 - r 20)1/2 (U*)
For equations (5) to ( l l i) ,
XQ to k “ mean values o f Xq to Xk
~*2 fs p
Xq to k “ mean values o f X̂  to X̂
XiX2 ,e t c . » mean value o f  the X]X2 product, e t c .
C7~o to k " standard dev iations for Xq to Xk 
N » number o f e n tr ie s
r-Oi e t c .  “ ind iv idu al correla tion  c o e ff ic ie n t  r e la tin g  X q
, to Xx , e tc ; values l i e  between -1 and +1
rll>  r22> e t c " * -°
r0 * m u ltip le-correla tion  c o e ff ic ie n t;  values l i e  between
0 and +1
$ 1  to k * beta c o e ff ic ie n ts
A, B]_ k * equation constants
Sfesto * standard error o f estim ate o f Xq
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I t  can be seen from equation (lh)  that a minimum error o f
pred iction  for Xq requ ires an r0 value near 1 .0 .
The ca lcu la tio n  procedure i s  described in  Development o f  
Equation, p. 11, using as a b a s is  the f i r s t  t r ia l  for determ ination o f
D^. This i s  followed by the development o f the f in a l  equation.
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D E V E L O P M E N T  0 F E Q U A T I O N
The i n i t i a l  work was lim ited  to nonpolar solvents in  order 
to  minimize the number of v ariab les . Fifty-two se ts  of data were 
obtained without regard fo r the accuracy of Dl « This d isregard  fo r 
accuracy was necessary because of the scarc ity  of accurate data  in ­
volving nonpolar solvents.
The method of m u ltip le-corre la tion  s ta t i s t i c s  i s  best i l l u s ­
tra te d  by example; th i s  i s  based on the f i r s t  t r i a l  fo r the de ter­
mination of the d iffu s io n  c o e ff ic ie n t, D^. The assumed independent 
v ariab les  were,
T * absolute tem perature, K 
P2 * v isc o s ity  of the solvent, cp 
M2 ■ molecular weight of the solvent 
Ml ® molecular weight of the solute 
d 2 " density  of the solvent a t  T, g/cc 
d^ ■ density  of the solute a t  T, g/cc
The Dl values used were obtained from Sfendquifet arkTIyons
11
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(195U, p . Ii6LpL-U61i5)> Washburn (1926b, p . 63-75), and Wilke and Chang
(1955, P« 2 6 ^ - 2 7 0 ) o V isc o s ity  d a ta  were ob tained  from Hodgman (1955-
1956, p . 2013-2018), P erry  (1950, p . 372-373), and Washburn (1926c, 
p . 211-22h). D ensity  d a ta  were ob ta ined  from Hodgman (1955-1956, 
p . 696-1215) and Washburn (1926a, p . 27-3U). The d a ta  necessary  fo r  
th e  d e te rm in a tio n  o f the d e s ire d  m u lt ip le - l in e a r  eq u a tio n  (3 ) are  
shown in  Table I .
The equ a tio n  w i l l  be o f th e  m u ltip le  l in e a r  forms
IO ^ D l ■ Dq *  A ♦  B^T ♦ B2 P.2  *  ®3^2 + ® 1 ^1 * ®5<̂ ?4’ ®6^1 ( ^ 0
For convenience o f n o ta tio n a l  m an ipu la tion , the  fo llow ing  w i l l  be sub­
s t i t u t e d  term -w ise fo r  eq u a tio n  (15)»
Xq b A + B^X^ ♦  B2 X2  + B3 X3  ♦  B|jX|^ ♦ B^Xcj ♦  b 6 " 6  0 6 )
The in d iv idu al r va lu es are summarized in  Table II*
From equations (10),
ril/3l+ 112/32 ♦ 113/33 + njj/3/j ♦ 115/35 ♦ 116/?6 - rco.
r 21 /3 i*  r 2 2 0 2  * r 23/?3 + r z h f ih  * * r 26/?6  -  r 02
r 31 f i \ *  r 32 f t 2 *  r 33 # 3  * r 3h f th  * r 3 5 /%  * r36 ftS m r 03
rh l/3 l*  rU2 / ? 2 ♦ rii3 f t3 * rUl*/3li + rU5/35 * rlt6/36 -  rol*
r5l fix*  1*52/92 ♦ 1*5 3 /3 3  ♦ I'Shfih * r55/35 + *$6 f k  -  r<%
r6 xfil*  >*6 2 /32  ♦ r63/33 * r6U/9u + r65/3S ♦ r66/36 -  ro6
These equations, w ith  the r values substituted  from Table
I I . ,  becomes
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T A B L E  K  
I n i t i a l  b a s is  fo r  Equation Development










CH3COOH C6H6 2 o08l 298 0.603 78.0 60.0 0.873 1 . 01*1*
n »t 1 o587 297 0.811 t t It O.89I* 1.068
it it 1 o92 288 0.702 tt tt 0.881* 1.056
» CCli, 1 . 1^1 280 1.187 15U I t 1.620 1.065
i t M 1.267 288 1 . 0li2 It t t 1.605 1.057
w tt 1.U90 298 0.905 tl tt 1.58 5 1 . 01*1*
tt tt 1.780 313 0.739 tt tt 1 .556 1.028
n C6H5CH3 2.265 298 0.557 92 ol tt 0.862 1 . 01*1*
tt N 1.905 288 0.628 It tt 0.871 1.056
it tt 1 .6 6 l 280 0.705 It tt 0.879 1.063
C6H6 n C ^ m 3<>70 288 0.35 86.1 78.0 0.661* 0.881*
C6H^Br C6H6 1 . 1*1 280 0.795 78.0 157 0.892 1.513
tt w 1 .86 288 0.702 tt H 0.881* 1.502
n cycX(P12 0.90 280 1 .16 81*.1 tt 0.791 1.513
n nC6Hm 2.60 280 0.37 86.1 tt 0.671 It
CHBr3 C6H6 1.77 293 0.652 78.0 253 0.879 2.89
CBr^ n 1.12 280 0.795 tt 332 0.892 3-1*2
CQlh tt 2.00 298 0.603 I t 151* 0.873 1.585
n cyCoC6%2 1.1*9 tt 0.88 81*.l tt 0.775 n
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c c i h nCyHig, 3.-17 298 0 .3 8 6 100 15U 0.679 1-585
tt 3 .7 0 it 0 .32 8 6 .1 M 0 .6 5 6 it
tt C6H5CH3 2 .19 it 0 .557 92 .1 ft 0 .862 tt
HOOOH C6H6 1 .9 9 1 279 0.808 7 8 .0 I46.O 0 .893 1.237
M » 2 o306 287 0.712 n tt 0 .885 1.228
ft tt 2.577 298 0.603 tt tt 0.873 1-213
It
c c i a 1.612 282 1.1U7 151* tt I .616 1-235
ft it 1 .888 298 O.905 ft tt 1-585 1 .213
H w ■1.673 288 1 .038 ft tt I . 60U 1 .2 2 6
ft C6H5CH3 2.285 279 0 .711 92 .1 It 0 .880 1.237
It tt 2 .U63 287 0 .636 tt tt 0 .872 1 .228
tt tt 2 . 6I4-6 298 0.557 ft It 0.862 1-213
nGyHi^Br nC7Hl 6 1 .5 2 280 0.1475 100 179 O.69U 1 . 11*0
nC ^H ^B r nC6Hlii 2 .3 1 281 0 .37 8 6 .1 165 0 .671 1 .2 0
C6H£I C6«6 1 .3 5 280 0 .795 78 .0 20I4 0.892 1 .8 5
CH3I c 6h5ch3 2 .23 it 0 .700 92 .1 lh 2 0 .878 2 .3 1
It CH2CI2 2 .0 6 281 0.52 8U.9 tt 1-336 it
nC glf^B r 00CO 1 .1 6 w 0 . 6I4 5 llU 193 0 .712 1.125
c 6h5ch3 . nC10H22 2 .0 9 298 0 .895 1U2 9 2 .1 0 .728 0 .862
ft nC12H26 1 .3 8 it 1 .3 5 170 tt 0.7145 n
tt nC7%.6 h .3 3 313 0.32*1 100 n 0 .6 6 6 0.8148
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c 6hs ci:3 nC?Hl 6 3-72 298 0 .386 100 92 .1 0 ,679
ft tt 2.95 280 0.1+85 It tt O069I4
it nC6Hlli Uo21 298 0 .32 86 .1 It O0656
tt nCll iH30 1 .02 tt 2.18 198 ft 0.762
CHCI3 C6H6 2 .1 1 288 0.702 7 8 .0 139 0.881+
c 2IIUBr2
tt 1 .97 Tt tt tt 188 »
C2HliC12
tt 2.U5 t t tt « 99oO it
( C2 ) 2^ t t 2 .21 ft tt it 7U.0 tt
C6H^C1 tt 2 .15 ft it it 112 it
C6H5MD2 tt 1 . 8U ft »t tt 123 tt
(C6H5)2 ft 1.558 298 0o603 tt I5h 0.873
t t t t 1 .817 308 0.532 t t n 0.863














T A B L E  I  I .
Summary of Individual r values
r(D 0,T ) -  r 0i  -  r 10 * +0.155
r(Dc ,p,2 ) * r 02 * r20 * “O.63O
r(D 0 ,M2 ) -  r 03 -  r 30 * -0 .2 9 1
rC D o^ ) -  r0h * TU0 « -°-198
r(D0 ,d 2 ) -  r 0£ -  r ^ 0 -  -0.1*11
r(D0 >di) » ro6  * **60 * - 0 .1 2 1
r ( T ,  ^ 2 ) * 1*12 ■ r 2 i  * -0 .0 2 8
r ( T ,  M2 ) -  r 13 -  r y i  * +0.189
r ( T ,  M^) * r^ l; ™ r} ^  ** -0 .082
r ( T ,  d2 ) ■ t -)$ * r £ i  * +0.032
r ( T ,  d i )  * r i 6  "  r 6 l  * -0.11*7
r(|i.2,M2 ) ** r2 3 ** r 32 * +0.680 
r(jj.2>Mi) * T2li ” ^ 2  * -0 .153  
r ( ^ 2 ^ 2 )  « T2$ -  T$2 -  +0.379 
r(p,2 i dl )  -  r 26 -  r fa  -  -0 .0 7 7  
r(M2 ,M^) * r 3[| * r ^ 3 » +0.187 
r (^2>d2 ) = r 35 m r 53 “ +0.^56 
r(M2,d 1 ) -  r 36 -  r£ 3 * -0 .321  
r (M ljd 2 )  -  r * r Q  * -0.3U7 
r (Mi,d]_) “ r i*6 83 r 6U * *0-7li0 
r ( d 2 , d i )  « r £ 6  ■ ■ +0.1*13
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+1.000 fty-0.02% 189 # 3 -0 .0 8 2  ^ * 0 .0 3 2  #5-0 .11*7 / ? 6  -  +0-155
-0 .028  /3l+l-O0O/32 +O.68O/33-O.lS3/3lj+O.379/?5-0.077 (36 -  -0 .630  
+ 0.l89 /3x+ 0 .680 /9 2 + l .0 0 0 / 3 3 +0 . 1 8 7 /3 ^+0 .5 5 6 / 3 5 - 0 .321/96 -  - 0 .2 9 1  
- 0 .0 8 2  /3x-0.153/32 +0 .187/3 3 + l . 0 0 0 / 9^ -0 . 31*7 /9 5 +0 . 7110/56  -  - 0 .1 9 8
♦0 .0 3 2  ^ + 0 . 3 7 9 /3 2  +0 . 5 5 6 /3 3 - 0 . 31*7 /3 ^+1 -0 0 0 / 3^+0 .^1 3 / 3 6  " - 0 . 1*11 
- 0 . 11*7 /3 x - o .0 7 7 /3 2 - 0 . 3 2 1 /3 3 +0 . 71*0 ^ + 0 . 1*1 3 ^ 5 +1 . 0 0 0 /9 6  * - 0 .1 2 1
The fo llo w in g  m atrix  subsequently  c a l le d  the o r ig in a l  m atrix
i s  e s ta b lis h e d  to  solve th ese  equations?
/ ♦ I . 000-0.028+0.189-0.082+0.032-0.litf+O.155 
/  -0.028+1.000+0.680-0.153+0.379- 0 .077-0 .630 
+0.189+0.6 6O+I0000+0.187+0.556-0.321-0.291
-Oo082- 0 . 153+0 . 187+1 •ooo-o.3U7+0 . 7U0- 0 .198
+0 . 032+0 . 379+0o556-0o3U7+l.000+0.U13- 0 .U11 /
\  -Oo 1^7-0.077-0.321+007UO+O.I4I 3 +I0000-0o 121 /
The s tep s  f o r  c a lc u la t in g  th e  a u x i l ia ry  m atrix  fo llow . The 
R v a lu e s  r e f e r  to  th e  a u x i l ia ry  m atrix , and r  va lu es  r e f e r  to  th e  
o r ig in a l  m atrix  (17)°









2o The rem ainder o f  the f i r s t  row i s  c a lc u la te d  as  follow s? 
R12 ■ r 12 * r i r *  r 12
r 13 * r 13
e tc  o
-0 .028  +0.189 - 0 o082 *#0.032 -0.li*7 +0.155♦1.000
- 0.028
- 0.082











0 .0 2 8 -+0.189 -0.082 +0.032 -0.11*7 +0.155
h. The rem ainder o f the second row i s  ob ta ined  as follow s! 
R23 * (r 23“r 21^13^ * ^22
*zk  " (r 2lTr 21RllP  ^ ^22
e t c .
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♦1,000 -  0.028 ♦ 0.189 -  0o082 ♦ 0.032 - 0 . 1ii7 ♦ Od55





5. The remainder o f the th ird  column i s  ca lcu la ted  as follows* 
R33 * r 33 “ r 31R13 “ R23R32 
r U3 “ r U3 ~ r l4lR13 “ R23RU2
+1.000
e t c .
-  0.028 ♦ 0.189 -  0.082 + 0.032 -  0.11*7 ♦ 0.155





6. The remainder o f the th ird  row i s  obtained as  fo llo w s’
R3U “ r̂ 3l+ ~ r 31HlU ~ R32R2lp » R33 
R35 " (r 35> ~ r 31Rl5  “ R32R2^^ 7 r 33
e tc .
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+1.000 - 0.028 ♦ 0.189 -  0.082 + 0.032 -  0.11*7 ♦ 0.155
-0.028 +0.9992 +0.6858 -0.1551* +0.3802 -0.0812 - 0.6262




7. This process i s  continued u n til the a u x ilia ry  matrix i s  completes
+1.000 -  0.028 + 0.189 -  0.082 + 0.032 -  0 .11*7 + 0.155
- 0.028 ♦0.9992 +0.6858 -0.1551* +0.3802 -0.0812 - 0.6262
+0.189 +0.6853 ♦0.1*91*1* ♦0.6251 ♦0.5855 -0.1*807
00CMCMO♦
-0 .082 -0.1553 +O.3090 +0.7760 - 0.6008 +1.1132 -0.1*518
+0.032 ♦0.3799 ♦O.289I* - 0 . 1*662 +0 . 1*050 ♦2.7326 -1.1171
-0.11*7 -0.0811 -0.2376 +008639 +1.1067 -3 .1283 | -0.1*891
The la s t  entry i s  f ifr  ■ -0.1*891 
80 The remainder o f the (3  values i s  calcu lated  as follows*
^ 5  “ r 05“ r 56 @6 
$  1* “ RoU ~ Rl*5 ̂ 5  ” 1̂*6 (36
e tc .
Following are the resu its*  
f i x  * +0.1336 f i^  * +0.221*5
@2 m -0.5199 fi$  » +Oo219h
6 3 ’  -0.2837 f i t  -  -0.1*891
From equation (13 )s
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r  ”1 /r 0 = | (+0.155)(+0 .1336)+(-0. 630) ( - 0 .5199)+ - - -J  -  +0.60
and from equation (lh)»
Se s t .  * °*753 [ l  -  (0 . 60)2J 1 .  0 . 60?
This i s  quite a large standard e rro r , and hence the equation (not 
given here) obtained from the above /3  values would not accurately  
p red ic t values? i s  usually  in  the range of 0.3 to h.3 lC^cm'Vsec.
Two th ings were observed a t  th is  po in t. The f i r s t  was th a t 
P2 i s  the con tro lling  variab le in  the liq u id  d iffu s io n  process; as a 
m atter of fa c t r(D0 ,p,2 ) = -O063 i s  la rg e r  than r 0 * +0e60. (Signs 
are disregarded when comparing two r  values. This i s  evident from 
equation (liO fo r ca lcu la tin g  Ses^ #0) The co rre la tio n  between Dl and 
jj.2 seems reasonable since both of these p roperties  are re la ted  to the 
size and shape of the molecules.
The second observation was the re la tiv e ly  small v a ria tio n  in  
D0 values as compared with the v a ria tio n s  in each of the independent 
variab les . Thus, the one-half power of each independent variable was 
tr ie d  separately  in the m u ltip le -co rre la tio n  method. In each case an 
increase in  r 0 was obtained. This increase was about 0.03 fo r each
independent variab le except he r e > the increase was 0.13 making
1 /2r(D0,p,2 ) * -0 .76, The r 0 value, using the one-half power fo r a l l
independent v ariab les, thus became +0 . 80. I t  was s t i l l  observed 
th a t r 0 was not g reatly  superior to r  (D q ,^ " ^  )» The use of several
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of the independent variab les to the one-third power did not produce a 
s ig n if ic a n t  increase in  r 0 . I t  seemed apparent that any further  
improvement in  the corre la tion  must be accomplished by other means.
A number o f methods for ca lcu la tin g  D0 u t i l i z e  molar volumes 
o f the solu te and solvent instead  o f molecular weights and d e n s it ie s  
as separate v ar iab les . With t h is  in  mind DQ was assumed to be a 
m u ltip le -lin ear  function  of the independent variab les as follows?
1/2  / 1 /2
The resu ltin g  value o f rD was +0.90. For the f i r s t  time r0 was
l /2s ig n if ic a n t ly  larger than r(D0,p.2 ) * -0 .7 6 .
Furthermore, the use o f molar volumes o f the so lu te  and 
solvent (V i and V2 r e sp ec tiv e ly  -  cc /g  mole) a t the normal b o ilin g  
p oin t a lso  gave an r 0 o f +0.90. Henceforth the V values are used for  
convenience. These V values can be calcu lated  as the sum o f  the 
atomic volumes, l i s t e d  by Sherwood and Pigford (193>2, p .1 1 ). These 
data are reproduced in  Table I I I .
l /2The next m odification involved the use o f (T/|>>) as a 
s in g le  independent var iab le . This idea was conceived on the b a sis  
that 0  (T) was p o s itiv e  and (112) was n egative . The r e su lt  o f th is  
assumption was*
%  1/2 2/3
D o - f f l y  > V2
2/3  "v x seemed to give a b etter  r0 value than V-j_
1 r0 -  +0.93 (19)
1/2
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 ------------------------------   30.5
--------------------------------------------------------------. -  -  -  -  Ii8
 ----------------- - -  -  -  27
-  11**8 
C1>terminal as in  R-Cl- -  21.6  
Cl,
m edial a s  in  R-CHC1-R- 2h.6
Cr  ---------------------  27 o b
F   ------------------------8 .7
G e - - - - - - - -  --------  3U.5
H, in  compounds- - -  - -  3 .7
H, in  H2 m olecule- -  -  -  7.15>
N, in  R-NH2-    -  -  10c5
N, in  R2NH  -------- - - 1 2 . 0
N, in N2 molecule- -  -  -  15-6
NotesS
0 , doubly bound - -  -  -  7«U
0 ,  coupled to  two o th e r elem ents;
in  aldehydes and 
ketones -  - -  - -  - 7*1;
in  m ethyl e s te r s  -  -  9»1
in  e th y l  e s te r s -  -  -  9*9
in  h ig h e r e s te r s  and 
e th e rs  - - - - - - - 1 1 . 0
in  a c id s  - - - - - - 1 2 . 0
in  union w ith  S,P,N- 8.3
P -----------------------     27.0
S i -------------------------------- 32.0
S -------------------------------- 25.6
Sn    ---------------------- U2o3
T i --------------------------  -  35 o 7
V --------------------   32 .O
Zn    ------------------------20 oh
For three-membered r in g ,  a s  in  e th y len e  ox ide , deduct 6 .0  
For four-membered r in g ,  as  in  cy c lobu tane , deduct 8 .5  
For five-membered r in g ,  a s  in  fu ra n , deduct 11.5 
For six-membered r in g ,  as  in  benzene, p y r id in e , deduct 15 .0  
F o r 'n a p h th a le n e -rin g  fo rm ation , deduct 30.0  
For an th ra c en e -rin g  fo rm atio n , deduct 1*7 °5
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I t  was r e a l iz e d  a t  t h i s  p o in t th a t  fu r th e r  p ro g ress  would
no t be made u n le ss  more r e l ia b le  d a ta  fo r  DQ were o b ta in ed . 
F o r tu n a te ly , sev e ra l sources o f p re c ise  d a ta  fo r  had appeared 
recen tly .. The p r in c ip a l  c r i t e r i a  used fo r  the  s e le c tio n  o f the  d a ta  
were p re c is io n  o f th e  measurements and n o n -p o la rity  o f the  so lv e n ts ; 
some so lv e n ts  such a s  to luene  were s l ig h t ly  p o la r .  These new d a ta  
were tak en  from Chang and Wilke (1955* p . 592-596), Hammond and 
S tokes (1955, p* l6 iil-l6 U 9 ), Johnson and Babb (1956, p . 387-1*53), 
S andquist and Lyons (195U, po l|6lLL-l|61;5), Wilke (191*9, p° 218-2210, 
and Wilke and Chang (1955, p« 261^-270)„ V isc o s ity  d a ta  were ob ta in ed  
from Hodgman (1955-1956, p . 2013-2018), P erry  (1950, p . 372-373), and 
Washburn (1926c, p . 211-2210.
in  th e  v is c o s i ty  o f the s o lu te ,  pq, where the  o th e r v a r ia b le s  rem ain 
c o n s ta n t.  T his proved to  be the case a s  shown below in  the c o r r e la ­
t io n  summary. T his summary a lso  g iv es  evidence th a t  the  same v a r ia b le  
can be used more than  once in  p roper com bination w ith  o th e r  v a r ia b le s .  
With th ese  id e a s  and the methods mentioned p re v io u s ly , the f in a l  form 
o f th e  equation  was developed a s  shown in  the c o r re la t io n  summary.
I t  seemed lo g ic a l  th a t  D0 should decrease w ith  an in c re a se
1 /2 l / 2 l
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D0 -  f J r  ■ +0„95
; r » +0<>96
(22)
(23)
2 /3 , v2 V l /J  1 /6
^2/ * A )  ( ix ) r « +Oo977 (2U)
I t  can be observed that equation (2U) i s  lin ea r  w ith respect 
to the complex v a r ia b le„ The determination o f the slope and y -in te r ­
cept for  equation (2U) i s  shown below %
D0 -  2 .1U851 ; 0 - (D o ) -  ° - 810
Let i f /3 / A \ 1/3/ 1 \ 1/6
^2) \ V1M2/ \  M-l)
J -  1U.09361 ; 0  ( J ) -  U.73 ; r(D0,J )  -  0.977
A s t a t i s t i c a l  re la tion sh ip  i s :
D0 -  r(D0,J )  (J -  J ) ♦ D( (25)
Therefore,
dd -  +0.977 (J -  09361) + 2.1U851
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D0 -  ♦0.167
T x2/3 /  V2 \ l / 3 / x y l /6
-  0 o 2 0 (26 )
where,
D0 ■ lO^D  ̂ ; *= d iffu s io n  c o e f f ic ie n t ,  cm^/sec
T ■ absolute temperature, IT
p>2 * v is c o s ity  o f  the so lven t, cp
*» v is c o s ity  o f  the so lu te , cp
V£ » molar volume of the solvent a t the normal b o ilin g
p o in t, c c /g  mole
V-L ■ molar volume o f the solute a t the normal b o ilin g  p o in t, 
cc /g  mole
M2 ■ molecular weight o f the solvent
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E V A L U A T I O N  0 F E Q U A T I O N
The standard error o f estim ate for  equation (26) i s %
0.810 £1 -  (0 .977 )2]  ^  -  ♦0 .16
Equation (26) was used to c a lcu la te  D0 values as summarized 
in  Table IV. The sum o f the errors was 3°6 l -  3.U2 ■ 0.19 (near 
zero) in d icatin g  th at the errors were probably s t a t i s t i c a l .  The aver­
age error without regard to sign was 0 .15 which agreed c lo se ly  w ith
an Se s t .  ° f  °"1 6 -
An add itional 1|0 se ts  o f data were obtained from the l i t e r ­
ature (see Table V.). These data were used for comparing equation (26) 
with the equation o f Wilke and Chang (1955, p* 26U-270):
D -  (7.1i x 10-3) I g j t i f  (27)
where,
D0 » IO^Dl ; « d iffu s io n  c o e f f ic ie n t ,  cra^/sec
T * absolute teirperature, K
27
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T A B L E  I  V.
Comparison o f C alcu la ted  and E xperim ental D0 V alues
Solute S clven t T- ^o ^o E rro r  ^E rro r
°C (Calc.) (Ob s . )  (Calc--
__________________________________________________________________ Q b s o )_____________
C6H6 CCl^ 10 1.17 lo09 ♦0.08 7 ok
w II 25 1.53 1 .1*2 ♦0.11 7.8
rt II hO 1.88 1.78 ♦0.10 5 .6
c2 i^oh < W 15 2.20 2.25 - 0.05 2.2
it 11 27 2.69 2.91 - 0.22 7 .6
nC^H^ w 5 1.77 1.78 -OoOl 0 .6
w 11 11 1.92 1.89 ♦0.03 1 .6
II 11 15 2.07 2.15 - 0.08 3 .7
CH30H » 11 2.72 2.88 - 0.16 5 .6
It « 27 3 .60 3° 81* - 0 . 2U 6.3
H
CClh CC1U 25 1.29 i-U l - 0.12 8.5
<£«6 c6h6 u 2.U7 2.16 ♦0.31 1U.3
CHBT3 II 18 lo77 I 062 ♦0.15 9 .3
C2H2Brl; C2H2Clii 50 Oo95 0o9U -0 .0 1 1 .1
(sym .) ( svm. )
cciu nC6Hll* 25 3.76 3 .70 ♦0.06 1 .6
ft nC7Hl 6 it 3.26 3.17 ♦0.09 2.8
It iC8Hi8 ti 2.81 2 .57 ♦0.21* 9-3






IV. (co n ’d . )







CCLI, C6H5 CH3 25 2.30 2.19 +0.11 5 .0
II 07c oĈ Ĥ 2 n 1.69 1.1*9 +0.20 13oU
CH3COCH CCl^ 6 .5 1.09 1.15 - 0.06 5*2
n 1^.8 1 . 2? 1.27 0.0 OoO
» tt 25 1.1*9 1.1*9 it n
If tt ho 1.88 1.78 +0.10 5 .6
II C6H6 25 2 .1*5 2.09 +0.36 17.2
H tt 5 .9 1.76 1.58 ♦0.18 11 . h
tt C6H5CH3 25 2 .61; 2.27 ♦0.37 16.3
N M 15 2.27 1.90 . +0.37 19.5
(I 11 ’ 6.8 2.00 1.66 +0.31* 20.5
C6H5CH3 nC6HlU 25 U.iU 1*.21 -0 .0 7 1 .7
N nC7Hx6 6 .9 2.81 2.95 ~0 .1l* 1*„8
tt tt 25 3*52 3.72 - 0.20 5.1*
It tt hO Uol2 1*.33 - 0.21 1*08
n
nC10H22 . 25 1.98 2.09 - 0.11 5.3
it nC12H26 tt lo3U 1.38 “O0OI4. ^ 2.9
n ^ lU ^ O it 0.99 1.02 - 0.03 «
HCOOH cc±i 8 .5 1.19 1.61 - 0 .1*2 26.1






IV. (c o n 'd .)
Do v 







ICOOH CCl^ 25 1.62 1.89 -0 .27 1U.3
n C6H6 6.2 1.89 1 .99 - 0.10 5oO
it tt 13.9 2.17 2.31 -o.U* 6.1
n n 25 2 . 6h 2.58 ♦0.06 2o3
>t C6H5CH3 6.2 2 oik 2.28 - 0 . 1U 6.1
» it lU -1 2.60 2 .U6 •►OolU 5.7
tt tt 25 2.71 2.65 ♦0.06 2.3
(C6Hj)2 C6H6 ti l.Uii 1.^6 - 0.11 7o7
tt n 35 1 .66 1.85 - 0.19 10.3
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T A B L E  V.
Comparison of Equations (26a) and (2?)
3D lu te Solvent T-












(sym) (sym) 15 0.53 0.76 0.50 6.0 52.0
cciu c10%2 25 O083 0.73 0.7U 12.3 l . i i
CH3 OOOH (CHj )2CO hO 3*95 5.10 a .o u 2.2 26.2
t I 25 3*28 U.29 3»31 0.9 30.8
t It 15 3.12 3.83 2.92 6.9 37.3
H300H It 7 2.98 U.30 3.13 U.8 37. h
t t lh 3 ® 31 U.79 3.27 1.2 h6.$
» It 25 3 .95 5 .3 9 l o l l 5.8 U2.3
C6H£C1 Ĉ HcjBr 10 O087 1.12 1.01 13 0 9 10.9
t n 27 1 .2 6 1.60 lo3U 6.0 19oli
t it ho 1.U5 1.85 1.58 8.2 17.1
C6H5 CH3 C^Ii^Cl 10 1.32 1.21 1.35 2.2 lO.ii
t t 27 1.96 1.93 1.76 11. h 9.7
H t ho 2 .33 2.23 2.11 10. U 5.7
CH3COOH Hĵ Q 13 0.87 0.93 0.91 hoh 2.2
c2 H£Oh it . 15 0.99 1.10 1.00 1.0 10.0
CH30H t 15 1.38 1.U6 1.28 7.8 Hi.O
CH3CN it 15 1.31 1 .1U 1.26 li.O 9.5
Br2 » 12 1.00 1.07 0.90 11.1 18.7
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Table Va (co n ’d . )
Solu te Solvent T- D0 D0 D0 $E rro r $Error
°C (Equa0 (Equao ( O b s o )  (Equa. (Equau 
__________________________________ 26a) 27)________________26a) 2?)
CH3COOH CH3OH 15 1.67 2.02 l .5 h 8 . 1* 310 2
tt C2H5OH 15 1 .10 1.05 0.61* 71c8 61*.1
(ch3 )2oo CHCI3 15 2 .5 l 2.95 2.36 6.3 25-0
» Ĥ O 17 1<>26 1.02 1.25 0.8 1 8 .1*
C6«6 CHCI3 15 1 o98 2.52 2.51 21.1 0 .1*
iĈ HcjOH H2O 15 0 . 6l 0.79 0.77 20.7 2 .6
(CoH^)20 CHCI3 15 2.31 2.37 2.07 11.6 11*. 5
nC^H^OH h2o 25 0.85 l.Ol* 0 .96 1 1 . 1* 8 .3
c2h^oh CHCI3 15 l«95 3.37 2.20 1 1 . 1* 53.2
tt C6H5CH3 15 2 .1*3 2.75 3.00 19 oO 8.3
n H2O 10 0.85 0 . 9I* 0.81* 1.2 11.9
t» tt 18 1.07 1.19 1.09 1.8 9.2
n tt 25 1.28 l°l*5 1.25 2 ..1* 16.0
C ^ B r C^H^Br 15 2 o95 3.99 3.60 17-5 10.8
it tt 22.5 3*29 U.51 3.80 13 «u 18.7
tt tt 30 3.80 5. oh 3c96 l*.o 27.3
c c ih
It.
CCl^ 1*5 1 .96 2.55 1.99 1 .5 28.1
CHBr3 ( C2 ) 2O 17 3-8U U087 3o21 19o6 51.7
Bt2 c s 2 16 3oh1 h.65 3.60 5-3 29.2
C6H5I C2Ĥ OII 25 0.93 0.90 0.98 5 .1 8.2
CIIBr^ tt 20 0.97 Oo95 0.97 0.0 2 oO
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p.s * v is c o s i ty  o f the  s o lu tio n , cp
M2 * m olecu lar w eight o f  th e  so lven t
* m olar volume o f th e  so lu te  a t  normal b o il in g  p o in t ,  
c c /g  mole
X « em p irica l a s s o c ia t io n  param eter fo r  h ig h ly  a s so c ia te d  
so lv e n ts
The X v a lu es  recommended by Wilke and Chang (1955, p« 268)
These a s s o c ia tio n  param eters were determ ined e m p ir ic a lly  and a re  
a i a l l e r  th an  the  a s s o c ia t io n  numbers fo r  the  pure solvents= This 
seems reaso n ab le  since so lu te  m olecu les would to  some e x te n t tend to  
b reak  up c lu s t e r s  o f so lv en t m olecu les.
Equation (27) re q u ire s  the  use o f p,s «> There was no s ig n if i~
can t d if fe re n c e  between jj.s and p.2 fo r  th e  d a ta  o f Table V. T herefo re , 
p.2 was used in  eq u a tio n  (27 ) fo r  comparison w ith  equ a tio n  (26)„
E m pirical a s s o c ia t io n  param eters , s im ila r  to  those used by
Wilke and Chang (1955, p° 268) ,  were used to  apply equation  (26 ) to  
system s in v o lv in g  a s so c ia te d  so lv e n ts . Perhaps t h i s  in d ic a te s  th e  
fundam ental n a tu re  o f  th ese  p aram eters . The X v a lu es  recommended fo r  
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Equation  (26 ) would then  bes
•/6
- 0 .20 (26a)
D0, p ercen t e r r o r ,  r ,  and Se s £ # were c a lc u la te d  usin g  equa­
t io n  (26a) and (27)«- The p e r t in e n t  r e s u l t s  a r e '
Equation (26a ) :
r  « *0*99$ Sesto ■ Average % e r ro r  * 9°$%
Equation (27 )•
r  * *Oo97$ Sesto m 0*275 Average % e r ro r  ■ 210C#
v'
The fo llow ing  c a lc u la t io n  shows th a t  an S^st .  0ol% i s
s ig n i f ic a n t ly  s n a lle r  th an  an ^ s t 0 0°27s
( 2 8 )
where,
(Ti "
c r 2 -  O027 
N = number o f  e n t r ie s  * U0
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-  0.035
-  expected, d ifferen ce  ( i f  
differen ce  i s  in s ig n if ic a n t)
0.27 -  0ol5 = 0 ol2 » actual d ifferen ce
t  » actual d ifferen ce  m 0.12 „ 3 .[1.3
expected d ifferen ce  0.035
A chart o f p rob ab ility  in te g r a ls  in d ica tes  that a s ig n ific a n t d if f e r ­
ence e x is t s  at the 99»9U-percent le v e l .  Hence for  pred icting values 
of D l, equation ( 26a) i s  b e tter  than equation (27 )°
A lso , equations (26, 26a) were applied to  two separate 
groups o f data. Spst. was e s s e n t ia lly  the same in  each case , 0.15 v s. 
0o1 6o I t  i s  concluded that equations (26, 26a) predict D0 values for  




P-2 0 .2 5 -2 .5  cp
M. 0 . 25- 5=0 cp
v2 20-320 c c /g  mole
/ l 37-185 cc /g  mole
x m2 50-198
0Z<r
(0 .15 )2  + (Oo27)2 
2 (U0- l )
1/2
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I N T B R P R E T A T I O  N 0 F E Q U A T I O N
A th e o r e t ic a l  in te r p r e ta t io n  o f eq u a tio n  (26a) i s  worthy of 
c o n s id e ra tio n  a t  t h i s  time*
Most o f the l iq u id -d i f fu s io n  th e o r ie s  emphasize the  im portance 
o f  so lv en t v is c o s i ty .  The s ize  and shape o f th e  so lv en t m olecules and 
tem perature  e f f e c t  are  included  in  the p ro p e rty  o f  v isc o s ity ., I t  
seems reasonable  th a t  should bear an in v e rse  re la t io n s h ip  to  so lv en t 
v is c o s i ty ;  equation  (26a) shows t h i s  r e la t io n s h ip . Solu te v is c o s i ty  
should be l e s s  im portant than  so lven t v is c o s i ty  since m olecular move- 
ment d u rin g  d if fu s io n  p r im a r ily  inv o lv es  c o n ta c ts  between so lv en t-  
so lven t and so lu te -so lv e n t m olecules. However, s o lu te -so lu te  con­
t a c t s  a re  not t o t a l l y  absen t and must be taken  in to  account. E x is t ­
ing th e o r ie s  e s s e n t ia l ly  ignore  so lu te  v is c o s i ty ;  whereas eq u a tio n  
(26a) shows th e  n e c e s s ity  o f  the s o lu te -v is c o s i ty  term* S olu te  
v i s c o s i ty  i s  shown to  be l e s s  im portant then  so lv en t v is c o s i ty
36
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I t  i s  w ell known th a t  th e  f a c to rs  of s iz e  and shape of the 
so lu te  m olecules are  important® V isc o s ity  in c lu d e s  s ize  and shape 
f a c to r s ;  however, m olar volume a s  an a d d it io n a l s ize  f a c to r  i s  nec­
e s sa ry , and numerous d if fu s io n  th e o r ie s  s t r e s s  t h i s  im portant fact® 
Equation (26a) i s  in  agreement w ith  th ese  th e o r ie s ;  an in v e rse  r e l a ­
t io n sh ip  i s  shown which s u b s ta n tia te s  the f a c t  t h a t  la rg e r  m olecules 
d if fu s e  more slowly th an  a n a lle r  ones®
The r a t i o ,  fo r  the  so lv e n t, o f  molar volume to  m olecular 
w eight i s  eq u iv a le n t to  the  r e c ip ro c a l  of density® Since a la rg e  
d e n s ity  im p lies  c lo se  m olecular packing , a red u c tio n  in  d if fu s io n  r a te  
i s  expected ; eq u a tio n  (26a) i s  com patible w ith  t h i s  in v e rse  r e l a t io n ­
sh ip .
l / 3The f a c to r ,  (V2/V1 ) , o f eq u a tio n  (26a) suggests  a r a t io
o f two le n g th s  as  expected fo r  u n i -d i r e c t io n a l  d if fu s io n ;  th u s , i t  
appears  s ig n if ic a n t  th a t  th e  o n e - th ird  power g ives a good corre la tion®  
The s ig n if ic a n c e  o f the  a s so c ia tio n  param eters i s  d iscu ssed
on p . 33°
L a te r developm ents in  t h i s  work give supporting  evidence fo r  
the  fundam ental na tu re  o f equation  (26a)®
T 872
E X P E R I M E N T A L  M E T H O D
Experimental work was done to provide d if fu s io n -c o e ff ic ie n t  
data for higher solvent v i s c o s i t ie s  than those upon which equation  
(26a) was based; these v is c o s i t ie s  were from 3*20 to  U*87 centipoises®  
The r e s u lt s  from such work should give a good in d ica tion  concerning 
the extent o f v a lid ity  o f equation ( 26a) since solvent v isc o s ity  was 
the co n tro llin g  v a r ia b le »
The c a p il la r y -c e ll  method described by Johnson and Babb 
(1956, p . U03) was employed. In each run, the solute was placed In a 
c a p illa r y  tube w ith one end sealed . The in tern a l diameter o f each 
tube was 1®5 mm and the length o f each tube was 3 *U0 + 0.01 cm (max®)® 
Six c a p illa r y  tubes were used® The s o lu te - f i l le d  c a p illa ry  tube was 
placed in  a 29 mm x 200 mm t e s t  tube containing the solvent and set  
aside to d iffu se  in  an insu lated  apparatus at a constant tempera­
ture . a diagram o f  t h is  apparatus i s  shown in  Fig® I® The temperature 
o f d iffu s io n  in  a l l  cases-was 21®5 C + 0„1 C, and the d iffu s io n  time 
was from one to  f iv e  days® The exten t o f d iffu s io n  was measured by 
an a ly s is  o f the liq u id  in  the c a p illa ry  tube (60 p i) ;  the fra ctio n  o f
38
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F I G U R E  I .
Diagram o f  D iffu s io n  A pparatus
Thermometers
Cardboard
3 -L ite r
Beaker




29x200mm t e s t  tube




S o lven t
Cap 
vI'Tube 





the  so lu te  rem aining in  th e  c a p i l la r y  tube i s  r e la te d  to  th e  d if fu s io n  
c o e f f ic ie n t  a s  given in  Johnson and Babb (195>6> p» 398)<>
y  8 - - e  e - "  e - 25e
e * 9  * + (29)
where,
f t « f r a c t io n  o f so lu te  rem aining in  c a p i l la r y  tube 
t
u 2
* d if fu s io n  c o e f f ic ie n t  -  cm^/sec 
t  * d if fu s io n  tim e -  sec 
1 * len g th  o f c a p i l la r y  tube -  cm
A graph o f equation  (29 )i s  shown in  Fig* I I , A s u f f ic ie n t  number o f 
term s were used to  in su re  an accuracy  o f t h r e e . s ig n if ic a n t  f ig u re s  
fo r  b* and © .
The a n a ly s is  of the c a p i l la r y  l iq u id  was accom plished w ith
a Perkin-E lm er vapor f ra c  tome t e r ,  model 15>U° The column c o n s is te d  o f
acid-w ashed c e l i t e  a s  the in a c tiv e  so lid  and d id ecy l p h th a la te  a s  th e  
f ix e d  phase . Helium was used a s  th e  c a r r ie r  gas*
C a lib ra tio n  cu rves were e s ta b lis h e d  fo r  each s o lu te -so lv e n t 
system used; fo r  each o f se v e ra l known m ix tu res , the a rea  p ercen tage 
was tak en  from th e  reco rd e r c h a r t  by using  the tra p e z o id  ru le*  The 
sample s ize  was the same a s  fo r  the d if fu s io n  measurements (60 | i l ) .  
The r e s u l t s  o f  the  a rea  p e rcen tag es  were rep ro d u c ib le  w ith in  0*1 to
T 872 Ul
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0.2 percen to  A ty p ic a l  c a l ib r a t io n  curve i s  shown on F ig . I l l*
A ll c a l ib r a t io n  curve d a ta  a re  given in  Table V I* The o p e ra tin g
c o n d itio n s  were*
column p re ssu re  * 15>*0 p s ig
helium flow  r a te  * 100 cc per min a t  2OF and lU»7 p s ia
d e te c to r  v o ltag e  » 3=60 v o l ts
re co rd e r  range = 32 
The o p e ra tin g  tem perature depended upon the p ro p e r t ie s  of each 
p a r t ic u la r  so lu te -so lv e n t system* The tem pera tu res  used in  each case 
a re  included  in  Table VI0
The choice o f s o lu te -so lv e n t systems was based on v a rio u s  
co n sid e ra tio n sc  S u itab le  so lv en ts  were the most d i f f i c u l t  to  o b ta in  
because o f the  n e c e s s ity  o f high v is c o s i ty  and ease o f d eso rp tio n  
from the  v ap o r-frac to m e te r column* • (The maximum o p era tin g  tem perature 
o f th e  vapor frac to m e te r i s  about 150C fo r  optimum s e n s i t iv i ty * )  
A nother n ecessa ry  c o n s id e ra tio n  was th e  r e s o lu tio n  o f so lu te  and 
so lv en t in  the  frac to m e te r column so th a t  the  e lu t io n  diagram s would 
n o t overlap* In  a d d it io n , a v a r ie ty  o f so lv en ts  o f  d i f f e r e n t  compound 
ty p e s  was d e s ir e d % f iv e  d i f f e r e n t  so lv en ts  were u sed 8 n-butoxy- 
e th a n o l, te r tia ry a m y l a lc o h o l, e th y len e  ch lo ro h y d rin , n -b u ty l l a c t a t e ,  
and 2-d ie thy lam inoethanol*  The v i s c o s i t i e s  o f th e se  so lv en ts  were 
measured w ith  an Ostwald v iscom eter a t  a tem perature  o f  21*56, th e  
d if fu s io n  tem perature* T his was d e s ira b le  since so lven t v is c o s i ty  
was shown to  be the  c o n tro ll in g  v a r ia b le  in  equ a tio n  (26)* The
T 872 U3
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C alib ration  Curve 












T A B L E  VI .
C alibration Curve Data
Solute Solvent Vol^Solute Area^Solute Oper. T-
( V v ) ( W °C








isopropanol terto amyl 50.0 59«7 71.0




carbon terto  amyl 5o.o 56 cl 71°0
tetrach lorid e alcoh ol 70.0 75° 6
90.0 91° 7
100.0 100.0
nitromethane ethylene 5o.o 50.2 110.0
chlorohydrin 66.7 65.0
80.0 n  o2
100.0 100.0




iso  amyl n-butyl 50.0 ■1*7 .3 11*6 .0





Solute Solvent Vol^Solute AreajSSolute Oper.T-
( * a )
°C
chlorobenzene n-butyl So.o 53.1 157.0




3-meth7l “ 2-d ie tb y l- 50.0 55.6 i ia .o
thiophene amino ethanol 66.7 69*3
80.0 81.0
100.0 100.0





v i s c o s i t y  data  are g iven  in  Table V I I «
Choosing the s o lu te s  was l e s s  d i f f i c u l t .  The so lu te  s e le c ­
t io n s  were based on so lv e n t s o lu b i l i t y ,  v a r ie ty  o f  compound ty p e s ,  
and sep ara tion  o f  th e  e lu t io n  diagram s o f  s o lu te  and so lv en t during  
a n a ly s is .  Ten d i f f e r e n t  s o lu te s  were used? meta=*xylene, l,U ~ d io x a n e , 
iso p ro p a n o l, carbon te t r a c h lo r id e , n itrom ethane, w ater , isoam yl a c e ta te ,  
ch lorob en zen e, 3 -w eth y lth io p h en e , and m orpholine. V is c o s ity  v a lu e s  
were taken from Hodgman (1955-1956, p« 2013 -2018 ), Perry (195>0, p 0 
3 7 2 -3 7 3 ), and Washburn (1926c, p . 2 1 1 -2 2ii)«
The e n t ir e  volume o f  l iq u id  in  the c a p i l la r y  tube (60 p i )  
was analyzed  in  each d i f f u s io n  experim en t. S u f f ic ie n t  t r i a l s  were 
made fo r  each  s o lu te - s o lv e n t  system  so th a t  th ere  was n ot more than a 
5 p ercen t erro r  (a s  standard e r r o r )  fo r  the D0 v a lu e s  averaged . The 
r e s u l t s  o f  th e  d i f f u s io n  measurements are g iv en  in  Table V III .'
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T A B L E  V I I .  
V isco sity  t)e term inations































T A B L E  V I I I .  
D iffu s io n  C o e ff ic ie n t Measurements 
T * 21.5 C
Solute Solvent t - Vol% © 10% - Do Std%
10^ sec S o lu te cm2/sec E rro r
m-xylene n-butoxy- 0.736 76.2 O .llli 0.725
eth an o l 0.759 76.7 0 .1 1 1 0.685
0.781* 76.9 0.109 (0 .651) 0.717 3o3
0.801 75.0 0.127 0.71*2
0.830 _73.o 0.11*5 (0.817)
n-butoxy- 1.595 73.1* 0.11*2 0.1*17
dioxane e th an o l 1.616 71.6 0.159 0 . 1*61
1.637 68.5 0.191* (0 .555) 0.1*1*5 u .s
1.665 71.2 O .I63 o.l*58
1.702 62.2 0.280 ( 0 . 770)
i s o ­ te r t°a m y l- 0.132 90.3 0.020 ( 0 . 709)
propanol a lco h o l 0.199 90.3 0.020 (0 . 1*60)
0.696 81*.0 0.053 0.356
0.729 85-0 0.01*6 (0 .295)
1-557 76.0 0.116 0.31*7
1.585 75-1 0.125 (0 . 369)
1.630 73.3 0 . 11*3 (0.1*10) n i 0
1.683 71*.0 0.136 (0 .378) j- • y
2.352 70.7 0.168 0.331*
2.390 69.7 0.179 0.351
2.1*72 71.3 0.162 (0 .307)
2.551 70.2 0 . 171* (0.319)
1*.200 60.0 0.310 0.31*5
h .229 60.0 0.310 0.31*3
carbon te r t .a m y l- 0.936 72.8 0.11*8 0 . 71*0
t e t r a ­ a lco h o l 0.956 72.7 o . l l*9 0.730
c h lo r id e 0.981 71*. 5 0.131 (0.625)
1.005 72.1 0 .151* 0 . 71?
1.603 65.6 0.231 (O.67I*)
1.632 66.8 0.213 ( 0 .6 l l )
2.370 61.0 0.286 ( 0 . 565)
2.1*05 56.2 0 . 371* 0.728
2.1*31* 56.7 O.36I* (0.700)
2 . 511* 58.2 0.326 (0 .607)
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Table VIIIo (co n 'd )
Solute Solvent t -  Vol# Q lO^D^- ^o Std#
10^sec SDlute cm2/sec E rro r
n i t r o -  
methane
ethy lene



























w ater e thy lene
ch lo ro -
hydrin
0,686  




















iso  amyl - 
a c e ta te
n -b u ty l


















ch lo ro ­
benzene
n -b u ty l
























2- d ie th y l -
amino-





















0 .7 1*1* 3 = 7
morpholine 2- d ie th y l-
amino-



















(0 . 1*28 )
0.351
(0.287)




The v a lu e s  in  p a re n th e s is  were no t averaged.
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A N D
L I M I T A T I O N S  0 F E Q U A T I O N
I t  was d e s ira b le  to  know th e  accuracy o f p re d ic t io n  o f  the 
D0 v a lu es  given in  Table V III . by means o f eq u a tio n s  (26a) and (2 6 ). 
Thus, D0 was c a lc u la te d  w ith  and w ith o u t a s s o c ia t io n  param eters . 
Using equ a tio n  (26a),
Z  E rro r  in  D0 ■ Z  (C alcu la ted  D0 -  Experim ental Do)
»  - 1.00 
Average e r ro r  o f  D0 * 0.23 
Using eq u a tio n  (26 ) ,
Z  E rro r  in  D0 = -0 .3 1
Average e r ro r  o f D0 * 0.21 
These r e s u l t s  in d ic a te  th a t  eq u a tio n  (26 ) , w ith o u t a s s o c ia t io n  p a ra ­
m eters, g iv es  a sm aller e r ro r  and a c lo se r  b a lan c in g  o f  p o s it iv e  and 
negative  e r r o r s  than  equ a tio n  (2 6 a ) . Since th e  sum o f the  e r ro r s  i s  
n eg a tiv e  fo r  equ a tio n  (2 6 ) b u t o f le s s e r  m agnitude, i t  fo llo w s  th a t  
eq u a tio n  (26) would be more e f f i c i e n t  in  p re d ic t in g  D0 th an  equation  
(26a) re g a rd le s s  o f  the  a s s o c ia t io n  param eters used . The r e s u l t s  are  
shown in  Table IX.
50
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T A B L E  I  X.
Comparison o f  Experim ental and C alcu la ted  D0 V alues Using E quations
(26a )  and (26 )
S o lu te  Solvent D0 D0 assn . D0 E rro r*  Calc .-Expo
(Equa.(Equa. param. (Exp.) Equa. Equa. 
_______  2 6 ) 26a) X_______________26_______ 26a
m-xylene n-butoxy
e th an o l




e th an o l
0.581 0.557 1 .1 0 o.hhS ♦0.136 ♦0.112
is o ­
propanol
te r t .a m y l 
a lco h o l
0.537 0 . 50U 1.15 0.3U6 ♦0.191 +0.158
carbon t e t r a ­
c h lo r id e
- te rto am y l 
a lco h o l
0.560 0.526 1.15 0.729 -0 .169 -0 .203
n i t r o - 
methane
ethy lene
ch lo ro h y d rin
0.722 0.606 1.50 0.9U7 -0.225 -0.3U1
w ater e thy lene
ch lo ro h y d rin
I 0OI8 0.865 1 .50 O.U63 ♦0.555 +0.U02
iso  amyl 
a c e ta te
n -b u ty l
la c ta te
0oUl3 0.386 1.15 0.501 -0.098 -0 .115
c h lo ro ­
benzene
n -b u ty l
la c ta te
0.507 Ooi;75 1 .15 0.882 -0 .275 -O.I4.07
3-m ethyl-
th iophene
2- d ie th y l-
amino-
e th an o l
0 .I4I4I4 0.363 1 .50 0.7Wi - 0.300 -0 .3 8 1
morpholine 2 -d ie th y l-
araino-
e th an o l




A b e t t e r  comparison o f  the c a lc u la te d  and experim ental
r e s u l t s  can be shown w ith  the a id  of s ig n if ic an ce  t e s t s  r e l a t iv e  to  
th e  d if fe re n c e s  between means and standard  d e v ia tio n s . For sm all sam­
p le s ,  th e  " s tu d e n t’s t "  method i s  recoimnended fo r  t e s t in g  d if fe re n c e s  
between means, and the  " F -fa c to r"  method i s  recommended fo r  t e s t in g  
d if f e re n c e s  between standard  d e v ia tio n s . The d a ta  and r e s u l t s  o f  th ese  
s ig n if ic a n c e  t e s t s  fo llow .
E xperim ental D0 v a luess  
D0 « 0 06119
< r«  0.208
D0 v a lu es  c a lc u la te d  from equation  (26 ); 
D0 -  0.^715 
<T « 0.180
Test fo r  standard  d e v ia tio n s ;
The va lue  o f  F (0 .10 ) fo r  nine d eg rees o f freedom (N -l) i s  2 -UU from 
D avies (1956, p . 602). Since 1.33 i s  le s s  th an  2.1±li, no s ig n if ic a n t  
d if fe re n c e  between the  experim en tal and c a lc u la te d  standard  dev ia ­
t io n s  i s  shown.
t  * AD0
Test f o r  mean v a lu es
NtN?(Ni ♦ No -  2)
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where,
t  * ns tu d e n t 's  t w
N]_ ■ N2 * number o f experim ental and c a lc u la te d  v a lu es  
For Ni * N2 * eq u a tio n  (30) becomes
/  \ 1//2 
1 ■ a 5 ° )  (3 1 )
then ,
/  1 0 - 1  V^2
t  -  (0 .6119-0.5715) ( (0 „206)2- - ;  ( 0Vi 8 0 ) 2 )  -  o . u a
The value o f t  (0 ,10) fo r  n ine d eg rees o f  freedom i s  1.85 a s  given in  
P e te rs  and Van V oorhis (19U0, p . U88). Since 0„14;1 i s  sm aller than  
1 .8 5 , no s ig n if ic a n t  d if fe re n c e  between means i s  ind icatedo
The r e s u l t s  o f  equation  (27) were compared w ith  th e  ex p e ri­
m ental r e s u l t s .  The a s s o c ia t io n  param eters used fo r  eq u a tio n  (26a), 
Table IX ., were a lso  used fo r  eq u a tio n  (27 ). Examination o f equation  
(27) w i l l  show th a t  D0 v a lu e s  would be sm aller i f  a s s o c ia t io n  para­
m eters were om itted . F u r th e r , i t  i s  shown below th a t  the  sum o f the  
e r ro r s  fo r  eq u a tio n  (27) i s  n e g a tiv e . This j u s t i f i e d  th e  use o f 
a s s o c ia t io n  param eters f o r  eq u a tio n  (27)5 th e se  X values could only 
be e s tim a te d . These d a ta  a re  ta b u la te d  in  Table X. For eq u a tio n  (2 7 ), 
2  E rro r  in  D0 ■ 2  (C alcu la ted  D0 -  Experim ental D0 )
= -1 .0 5  
Average e r ro r  o f  D0 " 0.29
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T A B L E  X.
Comparison of Experimental D0 Values w ith Values 
Calculated by Equation (27)
Solute Solvent D0 D0 Error $Error
(Exp.) (Equa. (Equa . (Equa.
___________________________    27) 27) 27)
m-xylene n-butoxy
ethanol






0.3U6 0.U60 ♦0.11b 33.0




0.729 0.377 -0.352 1*8.3




0.9U7 0.6H* -0.333 35o2
water ethylene
chlorohydrin




la c ta te




la c ta te
0.882 0i 1*1*3 -Ooii39 b9. 7
3-methyl-
thiophene
2-d ie thy l*  
amino ethanol
0.7l*l* 0.35b -0.390 52.1*






Average p e rcen t e r ro r  o f D0 ■ k l  *$%
For eq u a tio n  ( 26) ,
2  E rro r  in  D0 « -O .30I1
Average e r ro r  o f D0 * 0.21
Average p e rcen t e r ro r  o f D0 -  3&*3%
S ig n ifican ce  t e s t s  were made to  compart' th e  experim en tal 
r e s u l t s  w ith  the  r e s u l t s  o f  eq u a tio n  (27)« The d a ta  and r e s u l t s  a re  
a s  fo llo w s:
E xperim ental,
D0 -  0.6119 
<7"« 0.208 
E quation  (27)>
D0 -  0.^070 
£ T »  0.214; 
F " (§tfolO ■ l .38<F(o.io)  -  2.hh
No s ig n if ic a n t  d if fe re n c e  in  standard  d e v ia tio n s  i s  shown.
, 1/2
t  -  (0 .6119  -  0 .5 0 7 0 ) '  1 0 - 1  )
(0.208)2 ♦ (0.2U*)2 )
-  0.981 <  t ( 0 . 10 ) -  1 .85  
No s ig n if ic a n t  d if fe re n c e  in  the  mean v a lu es  i s  shown.
For com pleteness, s ig n if ic a n c e  t e s t s  were made to  compare 
e q u a tio n s  ( 26) and (27)«
Equation  (26 ) ,
T 872 56
5o -  0.5715 
0 ~  -  0.180
E quation  (27 ),
Do * 0o5071
<T -  0.2UU
F -  -  1.8U <  F(0 .10) -  2 . hh
No s ig n if ic a n t  d if fe re n c e  in  standard d e v ia tio n s  i s  shown.
l /2
t  - - »-Sm) ( ( o a » A ( o . ;u ,)2 )
-  0.638 < t ( 0 . i o )  -  1.85
No s ig n if ic a n t  d iffe re n c e  in  mean v a lu es  i s  shown.
Thus the  v a r ia t io n s  between the  experim ental D0 v a lu e s  and 
those c a lc u la te d  from eq u a tio n s  (26 ) and (27) could  be a t t r ib u te d  to  
chance v a r ia t io n s .  Chance v a r ia t io n s  could a lso  account fo r  the  
v a r ia t io n s  between D0 v a lu e s  c a lc u la te d  from eq u a tio n s  (26) and (27)«
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From an exam ination o f Table X ., sev e ra l conclusions are  
ap paren t- Both eq u a tio n s  ( 26 ) and (27) y ie ld  D0 v a lu es  th a t  a re  too 
sm all on th e  average (i> e r ro r  i s  n e g a tiv e )-  T h is r e s u l t  could mean 
th a t  n e i th e r  o f  th ese  eq u a tio n s  in c lu d es  th e  n ecessa ry  v a r ia b le s  to  
e s tim a te  a c c u ra te ly  D0 v a lu es  fo r  so lv en t v is c o s i ty  in  the range o f 
3 .2 0  to  U.87 c e n tip o ise s -
For the' system o f  w a te r-e th y len e  ch lo ro h y d rin , bo th  eq u a tio n s  
( 26 ) and (27) give D0 v a lu es  th a t  a re  much too la r g e .  No ex p lan a tio n  
can be given f o r  t h i s  anomaly w ithou t a d d it io n a l  experim ental d a ta  
in v o lv in g  w ater a s  a so lv e n t. Future in v e s t ig a t io n s  in  t h i s  a rea  
would be w orthw hile-
In  a d d it io n , i t  was n o ticed  th a t  the  average e r r o r s  are  l e s s  
fo r  bo th  eq u a tio n s  ( 26) and (27) i f  th e  w a te r-e th y len e  ch lo rohydrin  
system i s  om itted :





Thus the error i s  the same for  equation (26) as for  the lower range o f  
solvent v i s c o s i t ie s ;  whereas the error i s  lower for  equation (27) 
(compare average error * 0 .27) .
I t  i s  believed  that the equation developed in  the present 
work w i l l  pred ict D0 values more accurately than any other e x is t in g  
co rre la tio n  for liq u id  systems in  which solvent v i s c o s i t i e s  are in  
the range o f 0.25 to 2 .5  cen tip o ises; i t  w i l l  p red ict D0 va lu es  
equally  as w e ll as other methods fo r  solvent v i s c o s i t ie s  between 
3 .20  and U.87 c e n tip o ise s .
The follow ing values o f standard-percent error fo r  equation 
(26a) are to be expected; these values depend on the magnitude of 
the d iffu s io n  c o e ff ic ie n t  ca lcu la ted . This i s  proposed in  view o f  the 
fa c t  that a standard error of 0.15 i s  a greater percentage o f a small 
D0 value than for a large one.
D0 -  105cm2/sec Standard % error
U.O h
2 .0  8
1 .0  16
0 .5  32
In conclusion , the u sefu ln ess o f  the s t a t i s t i c a l  method 
should be emphasized. Many problems could be handled w ith the aid o f  
s t a t i s t i c s .  The method, which i s  analogous to c u r v e -f it t in g , can be 
used where the knowledge o f a phenomenon i s  incomplete or unknown, as 
i l lu s tr a te d  in  the present work. I t  may a lso  be used to modify
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em p irica lly  a th e o re tic a l equation so that b etter  agreement b e t w e e n  
theory and experiment can be obtained. The technique o f em pirical 
m odification i s  d iscussed by Arnold (1930* P °  3937-3955)° T h e  
s t a t i s t i c a l  procedure might be applied to a study o f  the concentration  
e f f e c t  in  liq u id  d iffu sion s the r e la tio n  between concentration and 
a c t iv i ty  would be used in  conjunction w ith the s t a t i s t i c a l  method.
T h o u g h  t h i s  s t u d y  m a k e s  a  p a r t i c u l a r  a p p l i c a t i o n  o f  s t a t i s t i ­
c a l  a n a l y s i s *  i t  i n  n o  w a y  e x p l o r e s  t h e  f u l l  p o s s i b i l i t i e s  t h e  m e t h o d  
h a s  i n  o t h e r  t e c h n i c a l  u s e s .
T 872
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